A system can only be improved if it is measured. In order to adequately measure a system, that system needs to be mapped and all key inter-nodal linkages, constraints and pathways recorded. Commercial supply chains demonstrate similar characteristics to other systems. Much has been written about mapping supply systems, where typically, the product or service is tracked from the originating source such as a raw materials supplier to the end customer of the product such as the consumer. There is however, another classification of supply system, where the payment for the product or service is not undertaken by the end consumer. This supply system is more often associated with not-for-profit (NFP) and non-government organisation (NGO) activities and little has been written concerning the mapping of these atypical supply systems. This is unfortunate, as it is often these types of networks that are most assumed to be inefficient and lacking appropriate quality measures. This paper discusses the characteristics of atypical supply networks and also describes a method of mapping them by using an auditing approach based on tracking funding through the system and not the flow of products or services within it. We argue that this approach is robust, because it enables the actual flow patterns within the network to be identified and not confused with, often, conflicting demands placed on atypical supply networks by the multiple stakeholders often associated with them. Abstract A system can only be improved if it is measured. In order to adequately measure a system, that system needs to be mapped and all key inter-nodal linkages, constraints and pathways recorded. Commercial supply chains demonstrate similar characteristics to other systems. Much has been written about mapping supply systems, where typically, the product or service is tracked from the originating source such as a raw materials supplier to the end customer of the product such as the consumer. There is however, another classification of supply system, where the payment for the product or service is not undertaken by the end consumer. This supply system is more often associated with not-for-profit (NFP) and non-government organisation (NGO) activities and little has been written concerning the mapping of these atypical supply systems. This is unfortunate, as it is often these types of networks that are most assumed to be inefficient and lacking appropriate quality measures. This paper discusses the characteristics of atypical supply networks and also describes a method of mapping them by using an auditing approach based on tracking funding through the system and not the flow of products or services within it. We argue that this approach is robust, because it enables the actual flow patterns within the network to be identified and not confused with, often, conflicting demands placed on atypical supply networks by the multiple stakeholders often associated with them.
Introduction
The principles of supply chain management have long been established in both academic literature and the business at large. Typically a supply chain is considered to consist of a series of interlinked nodes that, via logistics activities, add value to a raw material of some kind resulting in a final, finished product for the end customer. In the context of this work, the end customer (principal) is defined as the person or entity who puts 'new money' or original funding into the system.
In traditional supply chain systems mapping, the transfer of value from node to node is often easy to establish from, either an end customer point of view by following a straight forward investigation process of "what happens before" (i.e. a retrospective investigation), or from a raw material side following a process of "what happens next" (i.e. a futuristic investigation). In either instance, the line of inquiry can be mapped as either a flow diagram and/or a transfer and motion type diagram. Additionally, in both instances of mapping, the values and associated linkages can be established and a model or simulation of the supply chain system produced [1] . There is extensive literature from both academic and business sources that document and describe the typical mapping of the system [2] . However, the literature contains little information on mapping a system where the payment for the product or service is not undertaken by the end consumer. This supply system is considered atypical and more often associated with not-for-profit (NFP) and non-government organisation (NGO) activities. This paper discusses the mapping of atypical supply networks and undertakes a mapping of case studies to test the robustness of the process.
Commercial supply chain systems that demonstrate a "raw" material and "end" customer nodes are often complex, but reasonably straight forward to map because they often follow established business rules. What is less well understood are those supply chain systems that do not follow the prescribed pattern or flow of goods and services. These atypical supply chain systems often include a situation where the end customer is the entity who injects "new money" into the system but is not always the end recipient (beneficiary) of the good or services. Atypical supply systems are typically associated with activities such as aid and development, NGO works, government activities, and indeed, academic research funding, for example. The "new money" injected into the system is often in the form of funding provided as the enabler to a problem solution, for example; government funding of a humanitarian crisis, the provision of social welfare services within local communities, or, the funding through competitive tendering of university research [3] [4] [5] .
This situation raises an interesting paradox insofar as these atypical supply chain systems are typically associated with high spend activities with uncertain outcomes, often undertaken in a remote environment from the end customer who provides the funding. This remoteness assists with the supply network being misunderstood due to the disconnection between the funder and the supply network; the complex nature of the project; and, most often, the lack of developed mapping processes. As such, these systems are often accused of being inefficient, or worse still, corrupt [6] [7] [8] [9] [10] .
Objectives
It has long been established that if a system can be measured, then it can be improved [11] [12] . Additionally, the system must be mapped if it is to be measured for improvement to occur. As noted previously, much work has been conducted to establish robust measurement tools for traditional "commercial" type supply chain systems.
A commercial supply chain system is a large system comprising of smaller systems that work within their own boundaries towards a common goal, the end customer.
These systems have interconnected nodes, each of which adds value to the next [13] [14] [15] [16] . The mapping and recording of commercial supply chain systems was first demonstrated within the manufacturing industry in the 1950's through Deming's interconnected and continuous improvement process, the Deming's [12] View of a Production System. Deming's model (see Figure 1. ) has provided the basis for improvement tools developed over time to enable the measurement of value, quality and sustainability in commercial supply chain systems [17] [18] [19] . Post the identification of the system (i.e. the supply chain system map) other tools existed to improve the system and/or redesign the system and manage it, for example, Quality Management Systems such as ISO 9001:2015, LEAN, Six Sigma and SCOR [17, [20] [21] [22] .
The measurement of a typical supply chain system is undertaken through the identification of a tangible input of materials or service and the mapping of this tangible constant from input to value added output [1, 16] . The mapping of the supply chain system identifies the value-addition of the inputs in the system; the process of developing the raw materials into a value added product; the output of the product and its relationship to the customers' specification and finally the exchange of money for the product or service. It is important to note that the new money entering into a commercial supply chain system is paid by the recipient of the goods (the end customer) on the provision of the end product (output). Unfortunately, less work has been conducted around the mapping, measuring and improving of atypical supply chain systems that are, by their very nature, more complex and containing more variables due to the plural nature of the products yielded by the system (i.e. the benefit to the customer and the consumer). Where the literature does address the end-to-end mapping of an atypical supply system, it does outline the supply from a limited specific angle, such as, how many human hours were invested; the measurement of tangible product being shipped between countries; or, the outcome of a research grant. Whereas, this is vital, mapping of specific elements of the supply network, often undertaken to respond to stakeholder enquiries, the literature does not provide a discussion on the holistic (end-to-end) measurement of the flow of value within the system [23, 24] .
Conceptually, the supply chain systems of both aid and development and university research and development were typically represented as a linear path from the identification of need or opportunity to an output or deliverable from the system. Although a closed loop of supply is perceived to be present in both of the atypical supply systems, critical interactions and players were not identified, because each node represented a destination point within the linear system rather than a value addition to that system (i.e. from a need / raw material input to finalised output). Figure 3 . illustrates the conceptual linear supply chain system of aid and development. The concept of this linear model is that a crisis is identified by the lead agency, who in turn, seek funding from a governing body, when funding is received by the lead agency, second and third tier suppliers are tasked with addressing the crisis (i.e. providing the aid). The measurement of this model typically reports the outcomes of the funding, not the "value for money" attained. The model is reliant on understanding the forward flow of the need.
Along the same lines, Figure 4 . illustrates the conceptual linear supply chain system of university research and development.
As with the Aid and Development Linear Model described in Figure 3 .0, the measurement is typically undertaken from the view of the flow of need (i.e. forward), with reporting typically outlining the outcome of the research funding and not the return on value for research funding dollar or the institution.
The concept of mapping these atypical supply networks was tested against two test sectors (aid and development and university research and development). It was found that post the atypical mapping process, where the funding was tracked into the system; it became apparent that the conceptual models bore little resemblance to the mapped models. This is interesting and suggests that a common axiom of supply thinking exists within a progression type framework and value in the supply chain has typically been measured along the flow of need. 
Methods
Two main issues have been identified concerning the mapping of atypical supply chain systems, these are:
Establishing the Efficacy of Atypical Supply Chain Systems -Establishing if atypical supply chain systems demonstrate similar attributes to commercial supply chain systems and if so, could improvement tools used within commercial supply chain management and improvement be used to manage and improve the atypical supply chain systems.
Finding the Constants to Map an Atypical Supply Chain System -How to overcome the multiple point entry into an atypical supply chain system and plural of beneficiary and customer associated with an atypical supply chain system.
Establishing the Efficacy of Atypical Supply Chain Systems
At face value, there appears to be reluctance in the literature to recognise atypical supply chain systems as supply chain systems at all, let alone, consider the complexities of those systems. Much of this reluctance might be due to main stream researchers following a line of inquiry based on commercial supply chains such as retail [25] , automotive [26] , aerospace [27] etc., or looking at linear supply chain systems such as medical practice [28] , where an entity can be tracked from its entry point into the system, through to its 'value added' exit point from the system. As such, much of this body of work has focused on the product of the system being the constant and not necessarily the trigger of the system [14] .
Finding the Constants to Map an Atypical Supply Chain System
The major challenge of this work to date has been establishing a constant within an atypical supply chain system that could be tracked, measured and used to identify key nodes within the system. Most mapping methodologies focus on using the product in, and output of the product in the supply chain system as a constant. As such, within a traditional supply network it is reasonably straight forward to trace the product, even in its raw form, from the point of entry into the system to its point of exit to the end customer, and therefore making it possible to measure it. This is not, however, often possible within an atypical supply chain system, where the end customer who injects the funding into that system to initiate the "flow" in that system, is not usually the recipient of the end product produced from that system. Put simply, our challenge and indeed argument, has been that a significant element of an atypical supply chain system -the money provider -who is not the recipient, cannot be negated from the mapping process of that system for an easy, or indeed, to enable a "fit of convenience" for more standard mapping processes of commercial supply chain systems.
To add more complexity, the constant that is to be mapped to the end customer, is not readily obvious. The duality of the beneficiaries of the supply network, the principal (funder) and the recipient of the product of service, do not make obvious the identification of a single constant for measurement.
It was thought that the performance of money could be used as the constant in these atypical supply networks. Money can be traced from the input by the funder at the beginning of the system, through to the output that has been created for both the principal (funder) and the recipient of the system. Using money will enable a holistic look at the process as, typically, money is needed to ensure any supply network functions, including aid and development and social welfare provision. Mapping the path of money through the whole system provides a visual of how the supply system operates, identifying the constraints on the flow of the system and any opportunities to add value. The success of the mapping of the flow of a tangible element through a system that was not a product of the system, to map constraints and opportunities, was demonstrated in the Healthcare system. This was undertaken by mapping the path of a drug from entry into the system to exit to understand the value created by the processes of patient healthcare [28] .
The Process of Mapping an Atypical Supply Chain
The design for this mapping process exploits an open, appreciative inquiry methodology that seeks to understand the process of supply through stakeholders experiences and challenges within the system [29] . To elicit these responses from the principal (i.e. provider of new funding in the system) and consecutive stakeholders in the process, questions were posed regarding:
Establish if the entity considers itself to be the initiating funder of the system in question.
Who the principal passed the funding to next in the system.
What that entity did to add value for the principal.
What that entity did to add value in the product (output of the system) for the recipient.
Who they, the principal, considered to be the recipient of the system the principal has triggered. This latter point provided a cross reference to establish if there was consistency of purpose between nodes ("players") in the atypical supply chain system.
What was the instruction to the next in line (i.e the supplier) and how much was the funding.
For this research, the mapping of an atypical supply chain was designed in a six-step process, however, a number of the steps are to be undertaken in a cyclic manner until the data is exhausted. These steps (listed below) question the participant on the part they play within the system, no matter where they are in the system, using the questions listed above as an appreciative base. Figure 5 . illustrates the process adopted to map an atypical supply system including the flow of funding and flow of product within the system.
Step 1 Identify the principal (funder). The funder is defined as the person or entity who released the 'new money' into the system to trigger flow
Step 2 Identify the next player or participant in the system. Who was the funding passed to?
Step 3 From the information gained in Step 2, identify the next player or participant in the system. Step 2 and 3 are to be repeated until the end of the process of funding is reached
Step 4 At the point no further transfer of funding to initiate the supply process to another player. Identify what was produced as the product (output) of the system.
Step 5 Repeat
Step 4 until there are no more suppliers to transfer the product to. Identify what was produced as the product (output) of the system.
Step 6 The recipient. Identify what was delivered as the product (output) of the system.
The mapping of this process provides a rich data source of the contact points, stakeholders, processes, flow of information, and most importantly, the flow of return on investment (ROI) in the system.
Work to date suggests that by adopting this approach, a rich data set is developed that enables key nodes and sub-nodes to be established and also the actual and implicit and implied flow within the atypical supply chain system, recipient and end customer 1 . The work to date has also identified the data from the case study mapping identifies what was "actually done" within the supply system, rather than a more nebulous 'should do' that can be the result of a traditional forward mapping approach.
Results
To establish if this process of mapping an atypical supply network was robust, test cases from two different sectors were undertaken. In both sectors, three separate case studies from aid and development and university research were mapped using the process illustrated in Figure 5 . The aid and development cases were sourced from aid projects in Vietman, Kenya and Togo. The university projects were publicly funded research projects from three Australian Universities.
Maps were generated using the data sets derived from the line of inquiry and a "model" of each test case developed from the synthesised data. Figures 6. and 7 . illustrate the model of atypical supply chain system for aid and development and university research respectively. 
Discussion
The work to date has raised three interesting implications, these are:
The conceptual construct of an atypical supply chain system is linear and does not represent the inherent closed loop dependency of principal and recipient as demonstrated in the mapping.
All of the atypical supply chain systems investigated and mapped to date demonstrate a flow of goods and services. As such, they could be measured and improved in similar ways to commercial supply chain systems.
There is a plural of responsibility within an atypical supply chain system, where there is a moral and contractual obligation to the recipient and also a contractual and reporting obligation to the funding provider (principal).
The recipient often triggers the demand (need) within an atypical supply system, but the principal (funder) triggers the flow. Two implications of this point occur, these are:
The concept of the end customer needs to be redefinedperhaps to "principal"-to avoid potential grey area of reporting and responsibility and also accountability throughout the atypical supply system
In the context of atypical supply systems there is an alignment of the recipient acting as the marketing function of a commercial supply chain system and the end customer (principal) acting as the sales function of a commercial supply chain system [30] [31] .
Conclusions
Whereas there has been much investigation around the mapping, measuring and improving of commercial supply chain systems, the case is not the same with atypical supply chain systems. There appears to have been some neglect, perhaps because these systems are not considered to be "real" supply chain systems, perhaps because they have been relegated to specialist silos of research and been overlooked by supply chain scholars or perhaps because the plural nature of end customer (principal) and recipient does not fit well with more classical theory. It has been discovered that, by "following the money", it is possible to establish a rich data set and from that data set map an atypical supply chain system.
In the case of aid and development and university research and development atypical supply chain systems, a definite flow of services (i.e. product) has been identified. The identification of flow within these systems suggests that they could be managed using recognised commercial supply chain management tools, and the efficiency improved in the same way improvement has been documented in commercial supply chain systems. It is also reasonable to suggest that if commercial supply chain management tools were applied to atypical supply chains post the mapping phase, then, overall systems clarity and governance might also be improved.
Both of the test cases noted above, demonstrated to be a closed loop system, indicating that the relationship between recipient and end customer (principal) needs to have a close relationship in order to trigger the flow within these atypical supply chain systems. The quality of the relationship between the recipient and end customer (principal) might have a direct effect on what gets funded, when and how. Of itself, this could have significant implications in terms of governance, and legitimacy of the atypical systems that have been triggered (i.e. funded).
Overall, the work to date makes a strong foundation for the argument that atypical supply chain systems should be included into more mainstream supply chain research and not siloed into specialist areas of interest. Within these specialist areas of interest, the basic principles of supply, operations and systems improvement are little, if ever, considered and the focus on efficiency and improvement for the benefit of the customer (in the case of atypical supply chain systems, both the principal and recipient) are often in conflict with typically more softer, shared value type issues that may indeed constrain more impact for less money.
The work to date has highlighted that it is possible to map an atypical supply chain system by "chasing the money". More work is needed in establishing the mapping process and developing it further. Likewise the mapping process needs to be evaluated in other atypical supply chain systems such as those found in government, NGO, not-for-profits and, for example, philanthropy, where accusations of waste, bias and unfortunately corruption often abound. Furthermore, it is suggested that in each case, an exercise of overlaying standard commercial supply chain systems improvement tools should be undertaken to establish a bi-directional efficacy for both the tool in question and the system being evaluated.
